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(57) By separating the part where the airtightness is
established between the filter container and the elastic
body from the part where the filter container is fixed, the
filter container is easily attached or detached with a small
force while maintaining the airtightness between the filter
container and the elastic body. The filter device includes:
a funnel 10 having an inlet 11 through which the liquid
sample is introduced and an outlet 12 having an opening
area smaller than an opening area of the inlet 11; a filter
container 20 to which a tip portion which includes the
outlet 12 of the funnel 10 is inserted and a filter 23 that
collects an object contained in the liquid sample; a rubber
plug 40 having a through-hole 41 serving as a flow path
for the liquid sample that has passed through the filter 23;
and a filter fixing tool 30 that abuts on the filter container
20 to support the filter container 20 and that presses the
filter container 20 against the rubber plug 40.
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Description

Technical Field

[0001] The present disclosure relates to a filter device,
a filter fixing tool, and a filtering method for collecting fine
particles, such as microorganisms and a substance to be
analyzed, from a liquid sample such as water, medicine, a
reagent, a beverage, and a cosmetic.

Background Art

[0002] The membrane filter method is a method for
filtering a liquid sample through a membrane filter, and
collecting and detecting, on the filter, fine particles and a
substance which is compatible with the filter, or the like.
For example, in a case where bacteria are detected from
a liquid sample of 10 mL or more, it is difficult to directly
add the entire amount of the sample to a culture medium,
and hence it is necessary to concentrate the bacteria by
means of filtration. In addition, in a case where a sub-
stance obstructing analysis is present in a liquid, the
membrane filter method is also used for the purpose of
removing the substance.
[0003] In general, a device for aspiration/filtration
called an aspiration manifold is used for filtration. An
aspiration manifold includes a pipe that serves as a base,
an aspiration pump and an adapter which are connected
to the pipe, and performs aspiration/filtration by fixing the
filter container onto the adapter and using the aspiration
pump to establish a negative pressure on the down-
stream side of the filter. By coupling a funnel having a
size corresponding to the volume of the liquid sample to
the filter container, it is possible to filter a large-volume
sample.
[0004] The membrane filter method is also used to
detect microorganism (a bacterium or fungi) in a liquid
sample. In a conventional microbial detection method,
after a sample is filtered through a membrane filter having
a diameter of 47 mm, the filter is placed on an agar
medium to grow bacteria on the filter, and colonies gen-
erated on the medium are visually detected. Alternatively,
a method has been adopted in which a sample is filtered
using a membrane filter, and then the filter is placed in a
liquid medium to grow bacteria, and the turbidity of the
medium is visually detected. This method has the draw-
back of taking one day to several days for bacteria to grow
in a visible quantity and of involving a long testing time.
[0005] Therefore, as methods for detecting microor-
ganisms more quickly than when using visual observa-
tion, measurement techniques have been developed
such as a technique for detecting substances contained
in microbial cells (adenosine triphosphate (ATP) biolu-
minescence, nucleic acid amplification, immunological
methods, and so forth) and solid phase cytometry that
involves counting bacteria directly. Using such methods,
an improvement in the concentration rate of microorgan-
isms leads to an improvement in microbial detection

sensitivity. Therefore, a method is adopted herein in
which filtration is performed using a filter having a dia-
meter smaller than that used conventionally, thus improv-
ing the number of bacteria per unit area of the filter. For
example, by using a filter having a diameter of 10 mm, the
concentration ratio is improved by about 20 times in
comparison with a filter having a diameter of 47 mm.
The same applies to analysis other than microbial detec-
tion, for example, in a case where fine particles in a liquid
sample are collected on afilter and the mass of an organic
substance is measured, or in a case where an antigen is
collected using a filter obtained by immobilizing an anti-
body having an affinity for an antigen in a liquid sample
and where fluorescence detection is performed.
[0006] The filtration of a large-volume liquid sample
using a filter having a small diameter is performed by
connecting, to the filter container, a funnel having a larger
diameter than the diameter of the filter container. Here, it
is necessary to implement a measure for fixing an un-
stable shape in which a large diameter funnel is con-
nected to a small-diameter filter container in an upright
manner while maintaining the airtightness of the flow
path. In order to achieve a user requirement to manually
perform filtration using an aspiration manifold, as per-
formed conventionally, instead of introducing a special
filter device, a tool for fixing the filter container and the
funnel to the adapter of the aspiration manifold is re-
quired.
[0007] Patent Literature 1 discloses a device config-
uration in which a funnel is connected to a primary side of
a filter container and an aspiration flow path is connected
to a secondary side of the filter container. Patent Litera-
ture 1 discloses a device configuration in which the filter
container and the funnel are individually connected to a
movable device to achieve automation of the attachment
and detachment of the filter container, the funnel, and the
flow path. However, in order to meet the user requirement
to manually perform filtration using a conventional aspira-
tion manifold, a technique to satisfy the requirement for
the filter container and the funnel to be easily attached
and detached manually has been necessary.

Citation List

Patent Literature

[0008] PTL 1: JP 2003‑139704 A

Summary of Invention

Technical Problem

[0009] In a case where a substance in a liquid is con-
centrated on a filter and then is analyzed, the concentra-
tion rate increases as the filter diameter decreases, and
the analysis sensitivity is improved. In order to fix the
unstable shape resulting from connecting a large-dia-
meter funnel onto a small-diameter filter container, in an
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upright manner while maintaining airtightness, a method
is generally adopted with which a filter container is in-
serted into a fixing tool incorporating a rubber plug with
hole or an O-ring, and the filter container is fixed at the
point of contact between the outer surface of the filter
container and the rubber plug or the O-ring. In this case,
the fixing of the filter container and the airtightness of the
flow path are established in the same part of the lateral
surface of the filter container (the part where the rubber
plug or the O-ring is in contact). Therefore, in a case
where it is necessary to remove the filter container after
filtration in order to analyze the substance collected on
the filter, there arises a problem that the filter container
needs to be pulled out with a strong force due to friction
with the rubber plug or the O-ring. In the case where it is
assumed that the user desires to manually perform filtra-
tion as performed conventionally, a small filter container
is manually pulled out with a strong force. In this case,
there is a problem that the risk of contaminating the filter
container by inadvertently touching the inside of the filter
container or dropping the filter container increases, and
thereby reducing the subsequent accuracy of analysis.
[0010] Therefore, an object of the present disclosure is
to provide a filter device, a filter fixing tool, and a filtering
method that enable airtightness between a filter contain-
er and an elastic body to be maintained and the filter
container to be easily attached or detached using mini-
mal force, by separating the part where the airtightness is
established between the filter container and the elastic
body from the part where the filter container is fixed.

Solution to Problem

[0011] A filter device of the present disclosure is a filter
device for filtering a sample, the filter device including: a
funnel having an inlet through which the sample is intro-
duced and an outlet having an opening area smaller than
an opening area of the inlet; a cylindrical filter container
having an inlet, to which a tip portion which includes the
outlet of the funnel is coupled, and an outlet, and having,
between the inlet and the outlet, a filter that collects an
object contained in the sample; an elastic body that has a
through-hole serving as a flow path for the sample that
has passed through the filter, an inlet periphery of the
through-hole being in contact with the filter container; and
a filter fixing tool that abuts on the filter container to
support the filter container and that presses the filter
container against the elastic body, wherein the filter fixing
tool presses the filter container against the elastic body to
hermetically seal the inlet periphery of the through-hole in
the elastic body by means of a contact surface of the filter
container which corresponds to the inlet periphery.

Advantageous Effects of Invention

[0012] According to the present disclosure, it is possi-
ble to easily attach or detach the filter container with a
small force while maintaining airtightness between the

filter container and the elastic body, by separating the part
where airtightness is established between the filter con-
tainer and the elastic body from the part where the filter
container is fixed.
[0013] Problems, configurations, advantageous ef-
fects other than those described above will be clarified
by the following descriptions of the embodiments.

Brief Description of Drawings

[0014]

[FIG. 1] FIG. 1 Is a diagram showing an example of a
filter device according to a first embodiment.
[FIG. 2] FIG. 2 is a flowchart showing a method for
performing filtration using the filter device according
to the first embodiment.
[FIG. 3] FIG. 3 is a diagram showing an example of a
filter device according to a second embodiment.
[FIG. 4] FIG. 4 Is a diagram showing an example of a
filter device according to a third embodiment.
[FIG. 5] FIG. 5 Is a diagram showing an example of a
filter device according to a fourth embodiment.
[FIG. 6] FIG. 6 Is a diagram showing an example of a
filter device according to a fifth embodiment.
[FIG. 7] FIG. 7 is a six-sided view showing an ex-
ample of a filter fixing tool according to a sixth em-
bodiment.
[FIG. 8] FIG. 8 is a perspective view and a cross-
sectional view showing the example of the filter fixing
tool according to the sixth embodiment.
[FIG. 9] FIG. 9 is a six-sided view showing an ex-
ample of a filter fixing tool according to a seventh
embodiment.
[FIG. 10] FIG. 10 is a perspective view and a cross-
sectional view showing the example of the filter fixing
tool according to the seventh embodiment.
[FIG. 11] FIG. 11 is a six-sided view showing an
example of a filter fixing tool according to an eighth
embodiment.
[FIG. 12] FIG. 12 is a perspective view and a cross-
sectional view showing the example of the filter fixing
tool according to the eighth embodiment.
[FIG. 13] FIG. 13 Is a diagram showing an example of
a filter device according to a ninth embodiment.
[FIG. 14] FIG. 14 is a six-sided view showing an
example of a filter fixing tool according to a tenth
embodiment.
[FIG. 15] FIG. 15 is a perspective view and a cross-
sectional view showing the example of the filter fixing
tool according to the tenth embodiment.
[FIG. 16] FIG. 16 is a flowchart showing a method for
performing filtration using the filter device according
to the ninth and tenth embodiments.

Description of Embodiments

[0015] Hereinafter, embodiments of the present dis-
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closure will be described in detail with reference to the
drawings. In the following embodiments, it is understood
that the constituent elements are not necessarily essen-
tial unless otherwise specified or considered to be ob-
viously essential in principle.
[0016] Hereinafter, the embodiments of the present
disclosure will be described with reference to the draw-
ings.

First Embodiment

[0017] FIG. 1 is a diagram showing an example of a
filter device according to a first embodiment. A config-
uration of a filter device 1 according to the first embodi-
ment will be described with reference to FIG. 1. FIG. 1(A)
is a view showing a state where the filter device 1 accord-
ing to the first embodiment is attached to an adapter 60,
FIG. 1(B) is a view showing a state where a filter container
20 is disassembled, and FIG. 1(C) is a view showing a
state where a filter fixing tool 30 is disassembled.

(Configuration of filter device 1)

[0018] The filter device 1 includes a funnel 10, a filter
container 20, a filter fixing tool 30, and an elastic body 40.
The filter device 1 is a device for filtering a liquid sample.
The elastic body 40 according to the first embodiment is a
commercially available rubber plug with hole. Herein-
after, the elastic body 40 is referred to as the rubber plug
40 with hole or the rubber plug 40. The structure including
the funnel 10, the filter container 20, and the filter fixing
tool 30 can be attached to and detached from the com-
mercially available rubber plug 40 with hole. The rubber
plug 40 with hole can be repeatedly used, and has an
advantage that manual handling is easy. As long as the
hole diameter D41 of a through-hole 41 of the rubber plug
40 with hole is smaller than the outer diameter D24 of the
filter container 20 (cover 22), the rubber plug 40 with hole
can be used for the filter device 1, and thus there is alsoan
advantage that a commercially available rubber plug 40
with hole can be used. An adapter 60 can be connected to
the upstream side of an aspiration manifold 50, and the
rubber plug 40 with hole is attached to the adapter 60. An
aspiration pump 70 can be connected to the downstream
side of the aspiration manifold 50. By driving the aspira-
tion pump 70, a liquid sample that is introduced to the
funnel 10 passes from the funnel 10 to the filter container
20, the rubber plug 40 with hole, the adapter 60, and the
aspiration manifold 50 in that order.
[0019] The aspiration manifold 50 is a commercially
available product, and is, for example, a laboratory mani-
fold (product ID: 4889) manufactured by Pall Corpora-
tion. The adapter 60 is an adapter which can be con-
nected to the aspiration manifold 50, and is, for example,
a laboratory manifold standard adapter (product ID:
4892) manufactured by Pall. The aspiration manifold
50 may be, for example, an aspiration manifold manu-
factured by Merck & Co. (catalog number: EZFIT0 LD3).

In the case of an aspiration manifold manufactured by
Merck, parts can be attached without a tool, and main-
tenance such as cleaning and sterilization is easy. A cup-
shaped adapter 60 can be attached to the manifold
exemplified above, and a rubber plug 40 matching the
size of the adapter 60 is fitted into the adapter 60. When
the outer surface of the rubber plug 40 and the inner
surface of the adapter 60 are in contact with each other,
the airtightness of the flow path of the liquid sample is
maintained.

(Funnel 10)

[0020] The funnel 10 is a sterilizable material, and is
made of metal or resin, for example. Metallic materials
are highly durable, can be repeatedly washed and ster-
ilized for use, and are economical. Meanwhile, resin
materials are inexpensive, and when made disposable,
such materials eliminate the need for cleaning work and
improve convenience. In addition, there is also an ad-
vantage that, by using a transparent resin, the progress of
filtration can be visually confirmed even from outside a
clean bench.
[0021] The funnel 10 has an inlet 11 through which a
liquid sample is introduced and an outlet 12 having an
opening area smaller than that of the inlet. Specifically,
the opening area of the inlet 11 is four or more times the
opening area of the outlet 12. The inner diameter D11 of
the inlet 11 of the funnel 10 is larger than the inner
diameter D21 of the filter container 20 (filter body portion
21). In addition, the funnel 10 has a volume capable of
holding a liquid of about 100 mL. The volume of the funnel
10 can be appropriately selected according to the amount
of the liquid sample. The outer diameter D12 of the outlet
12 of the funnel 10 is substantially the same as the inner
diameter D21 of the filter body portion 21. Therefore, by
inserting the lower tip of the funnel 10 into the filter
container 20, the airtightness between the funnel 10
and the filter container 20 is maintained.

(Filter container 20)

[0022] The filter container 20 includes a filter body
portion 21, and a cover 22 that covers the outer peripheral
surface of the filter body portion 21. The filter container 20
according to the first embodiment is a filter assembly
configured from two parts, namely, the filter body portion
21 and the cover 22. The filter body portion 21 and the
cover 22 have a substantially cylindrical shape, the filter
23 is fixed to the bottom surface of the filter body portion
21, and the effective area of the filter (the area, of the
entire filter, across which the sample liquid is filtered) is
substantially the same as the area inside the bottom
surface of the filter body portion 21. The shape of the
filter body portion 21 and the cover 22 is not limited to a
regular cylindrical shape, rather, as long as the shape is a
cylindrical shape, the shape may be a polygonal cylind-
rical shape or an elliptical cylindrical shape. The dia-
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meters of the filter body portion 21 and the cover 22 may
also be non-uniform. The filter 23 collects an object which
is contained in the liquid sample. The tip portion, which
includes the outlet 12 of the funnel 10, is inserted into the
filter body portion 21. Here, the tip portion, which includes
the outlet 12 of the funnel 10, is inserted into the filter body
portion 21, but it is sufficient as long as the tip portion
having the outlet 12 of the funnel 10 and the filter body
portion 21 are coupled together. The outer diameter D22
of the part of the filter body portion 21 inserted into the
cover 22 is substantially the same as the inner diameter
D23 of the cover 22. Therefore, the outer peripheral
surface of the part of the filter body portion 21 inserted
into the cover 22 and the inner peripheral surface of the
cover 22 are in contact with each other, and the airtight-
ness between the filter body portion 21 and the cover22 is
maintained. The outer diameter D24 of a bottom surface
24 of the cover 22 is larger than the diameter D41 of the
through-hole 41 of the rubber plug 40. Therefore, the
bottom surface 24 of the cover 22 abuts on an upper
surface 42 of the rubber plug 40, and thus the airtightness
is maintained. Note that the funnel 10 may be prepared in
a state of being coupled to the filter container 20 in
advance. In addition, the outlet inner diameter of the
funnel 10 and the inlet outer diameter of the filter contain-
er 20 may be substantially the same, and the inlet portion
of the filter container 20 may be inserted into the outlet
portion of the funnel 10. Alternatively, a member having a
structure in which the funnel 10 and the filter container 20
are coupled together may be manufactured by integral
molding using a material such as resin, and may be
folded and separated at a certain position between the
funnel 10 and the filter container 20 after filtration.
Furthermore, the filter container 20 may be tapered,
and the inlet area may have a larger shape than the filter
effective area.

(Filter Fixing Tool 30)

[0023] The filter fixing tool 30 includes a base 31 and a
presser 32. The presser 32 abuts on the filter container 20
to support the filter container 20. The base 31 secures the
presser 32 that presses the filter container 20 against the
rubber plug 40 with hole. The base 31 is fitted to the upper
part of the rubber plug 40 and fixed to the rubber plug 40.
The base 31 has a tapered base fixing portion 33 fitted
into the upper part of the rubber plug 40. The base 31
includes a filter housing portion 34 that houses some or
all of the filter container 20. A male threaded section 35
subjected to male thread machining is formed on an outer
peripheral surface of the filter housing portion 34. A
portion of the presser 32 facing the male threaded section
35 has a female threaded section 36 subjected to female
thread machining. The presser 32 is fixed to the base 31
by screwing the female threaded section 36 onto the male
threaded section 35. A threaded section may be provided
on the inner peripheral surface of the filter housing portion
34, and a threaded section may be provided on the outer

peripheral surface of the presser 32.
[0024] The inner diameter D31 of the filter housing
portion 34 is larger than the outer diameter D24 of the
cover 22. Therefore, the filter container 20 can be easily
taken in and out of the filter housing portion 34 without
frictional resistance. In addition, the presser 32 has a filter
support portion 37 that abuts on an upper surface 25 of
the filter body portion 21. The filter support portion 37
abuts on the upper surface 25 of the filter body portion 21
to regulate the upward movement of the filter body portion
21. The filter support portion 37 presses the filter contain-
er 20 against the rubber plug 40 with hole to hermetically
seal the inlet periphery of the through-hole 41 of the
rubber plug 40 with hole by means of a contact surface
of the filter container 20 which corresponds to the inlet
periphery. The inner diameter D32 of the filter support
portion 37 is smaller than the outer diameter D25 of the
upper surface 25 of the filter body portion 21. In addition, a
funnel support portion 38 that supports the funnel 10 is
provided to the upper part of the presser 32 to prevent
lateral swinging of the funnel 10.

(Rubber plug 40 with hole)

[0025] The rubber plug 40 with hole is disposed down-
stream of the filter container 20 and contacts the bottom
surface 24 of the filter container 20. The rubber plug 40
with hole has the through-hole 41 which serves as a flow
path for the liquid sample that has passed through the
filter 23. The above-described base 31 is fitted into the
rubber plug 40 with hole.

(Method for Performing Filtration (Filtering Method)
Using Filter Device 1 according to First Embodiment)

[0026] FIG. 2 is a flowchart showing a method for
performing filtration (filtering method) by using the filter
device according to the first embodiment. The filtering
method using the filter device 1 according to the first
embodiment will be described with reference to FIG. 2.
[0027] First, the user prepares the aspiration manifold
50, the rubber plug 40 with hole, and the filter fixing tool
30, and cleans and sterilizes each of these components
(step S201). It is desirable to periodically scrub the as-
piration manifold 50 and the rubber plug 40 with hole and
perform processing to reduce the substance to be mea-
sured. For example, if the purpose of the test is microbial
detection, high-pressure steam sterilization or dry heat
sterilization is performed, and the components are in-
stalled in a clean environment such as a clean bench, and
thereafter, a filtration operation is performed aseptically.
The base 31 and the presser 32 are also prepared by
being scrubbed and sterilized.
[0028] In addition, the user sterilizes the funnel 10 and
the filter container 20. The filter body portion 21 is ster-
ilized while being housed in the cover 22 (step S202).
[0029] Next, the user prepares a liquid sample (step
S203).
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[0030] The user installs the rubber plug 40 with hole in
the adapter 60 connected to the aspiration manifold 50
(step S204).
[0031] The user then fits the upper part of the rubber
plug 40 into the base fixing portion 33 of the base 31 to fix
the base 31 to the rubber plug 40 (step S205).
[0032] The user causes the filter container 20 to stand
upright by inserting the filter container 20 into the filter
housing portion 34 of the base 31 fixed to the rubber plug
40 (step S206). At this time, with the filter container 20
merely placed atop the rubber plug 40, there is no air-
tightness between the upper surface 42 of the rubber plug
40 and the bottom surface 24 of the cover 22.
[0033] Here, the user screws the presser 32 onto the
base 31 to fix the filter container 20 (step S207). When the
female threaded section 36 of the presser 32 is screwed
onto the male threaded section 35 of the base 31 in the
vertically downward direction (the Z direction in FIG. 1),
the filter support portion 37 on the inner upper surface of
the presser 32 abuts on the upper surface 25 of the filter
body portion 21. Further, when the presser 32 is screwed
onto the base 31, the filter container 20 is pressed against
the rubber plug 40 in the vertically downward direction. By
means of this operation, the filter container 20 is fixed
upright, and the airtightness between the upper surface
42 of the rubber plug 40 and the bottom surface 24 of the
cover 22 is maintained. When the presser 32 presses the
filter container 20 against the rubber plug 40 in an ex-
cessive manner, the rubber plug 40 is deformed or da-
maged. Therefore, the distance by which the presser 32
is screwed onto the base 31 may be stopped at a certain
value so as to limit the pressing distance. The maximum
allowable value of the pressing distance (the distance by
which the filter container 20 is moved in the direction of
the rubber plug 40 from a state where the filter container
20 is placed on the upper surface 42 of the rubber plug 40)
depends on the hardness of the rubber plug 40, and is
preferably no more than 2 mm, for example.
[0034] The flow path of the liquid sample may have a
cylindrical shape or a shape other than the cylindrical
shape. For example, the shape of the through-hole 41 of
the rubber plug 40 can be any shape other than a cylinder.
The shapes and cross-sectional areas of the inlet and the
outlet may be different from each other. However, in order
to maintain airtightness, the contact surface of contact
between the cover 22 and the rubber plug 40 needs to be
continuous so as to surround the liquid flow path.
[0035] Next, the user connects the sterilized funnel 10
to the upstream side of the filter body portion 21 (step
S208). At this time, because the filter container 20 is fixed
upright, it is possible to keep the funnel 10 upright even
when the funnel 10 is connected. In addition, the funnel
support portion 38 of the upper part of the presser 32
supports the funnel 10, thereby also stabilizing the up-
right position of the funnel 10. In a case where the funnel
10 and the filter container 20 are prepared in a state of
being coupled together in advance, a procedure that
includes causing the filter container 20 coupled to the

funnel 10 to stand upright in step S206 and screwing the
presser 32 to the base 31 in step 207 is performed, and
thus step S208 is unnecessary.
[0036] The user pours the liquid sample into the upright
funnel 10 (step S209).
[0037] The aspiration pump 70 connected to the as-
piration manifold 50 is operated to perform aspiration-
filtering of the liquid sample (step S210). When the as-
piration pump 70 is activated, the downstream side of the
filter 23 has a negative pressure, and thus the liquid in the
funnel 10 passes through the filter body portion 21, the
filter 23, the cover 22, the rubber plug 40, and the adapter
60, and is removed. Due to this configuration, only the
fine particles in the liquid sample and the substance
which is coupled to the filter 23 are collected by the filter
23.
[0038] When the aspiration/filtration is complete, the
aspiration pump 70 is stopped (step S211).
[0039] Next, the user removes the funnel 10 from the
filter body portion 21 (step S212). At this time, while using
one hand to fix the filter fixing tool 30 (the base 31 or the
presser 32), the user uses the other hand to pull out the
funnel 10 in the vertically upward direction (the ‑Z direc-
tion). Alternatively, a U-shaped spatula can be inserted
between the funnel 10 and the upper part of the presser
32, and the funnel 10 can be removed by being pushed
upward according to the principle of leverage, with the
upper part of the presser 32 serving as a fulcrum.
[0040] Next, the user removes the presser 32 from the
base 31 (step S213).
[0041] Thereafter, the user removes the filter container
20 from the base 31 (step S214). Because the filter
container 20 is merely placed on the upper surface 42
of the rubber plug 40, the user can remove the filter
container 20 without resistance.
[0042] The substance collected on the filter 23 of the
removed filter container 20 is subjected to analysis for the
purpose of detection (step S215).
[0043] Meanwhile, because the base 31 remains fixed
to the rubber plug 40 with hole, aspiration/filtration can be
repeatedly performed by inserting the next filter container
20 into the filter housing portion 34 so that the filter
container 20 stands upright (step S206) and is fixed (step
S207). However, in a case where the rubber plug 40 with
hole may be contaminated to such an extent that the next
analysis would be affected by the filtration of the previous
liquid sample, the base 31 and the rubber plug 40 with
hole are removed and replaced with a cleaned base and
cleaned rubber plug.

(Method for Detecting Bacteria)

[0044] An example of a procedure for using the filter
device 1 according to the first embodiment in a method for
detecting bacteria (a bacterium or fungi) from a 100-mL
water sample by means of the adenosine triphosphate
(ATP) bioluminescence method will be described below.
[0045] The funnel 10 and the filter container 20 are
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sterilized in advance. It is desirable to also sterilize the
rubber plug 40 with hole, the presser 32, the base 31, the
adapter 60, and the aspiration manifold 50. The filter 23,
which has a diameter of 6 mm and a hole diameter of 0.45
µm, is fixed to the bottom surface of the filter body portion
21. The outer diameter D24 of the cover 22 is 12 mm, the
inner diameter D1 of the filter body portion 21 is 9 mm,
and the internal volume of the filter body portion 21 is 0.8
mL. The outer diameter D12 of the lower tip of the funnel
10 is 9 mm and is fitted inside the filter body portion 21.
The upper part of the funnel 10 has an inner diameter D11
of 60 mm and a height of 60 mm and is capable of holding
100 mL of liquid. The holediameter D41of the rubber plug
40 with hole is 9 mm and is smaller than the 12 mm of the
outer diameter D24 of the cover 22. The inner diameter
D31 of the filter housing portion 34 of the base 31 is 13
mm and is larger than the 12 mm of the outer diameter
D24 of the cover 22.
[0046] The user fits the base 31 into the rubber plug 40
with hole, inserts the filter container 20 into the filter
housing portion 34 of the base 31, and screws in and
fixes the presser 32. The user then inserts the funnel 10
into the filter body portion 21 and pours 100 mL of the
liquid sample into the funnel 10. When the aspiration
pump 70 is activated, the liquid sample is subjected to
aspiration/filtration. Due to this configuration, bacteria
are collected on the filter 23, and the liquid is removed
as a filtrate. The user takes out the funnel 10 and the
presser 32 in that order, removes the filter container 20,
adds 400 µL of an ATP scavenger (a reagent solution
containing an ATP-degrading enzyme) to the filter 23,
and performs incubation at 37°C to remove free ATP
remaining in the filter 23. The filter container 20 is placed
on a microtube and subjected to centrifugal filtration to
remove the ATP scavenger as a filtrate. The filter body
portion 21 is taken out of the filter container 20 and placed
on a measurement tube, and 50 µL of an extraction fluid
(a reagent solution for breaking down bacterial cells and
extracting ATP in the bacterial cells) is added to the filter
23. Centrifugal filtration is performed and the extraction
fluid is collected in a measurement tube. An ATP lumi-
nescent reagent (a reagent solution that causes a lumi-
nescent reaction by using a luciferin-luciferase reaction)
is added to the measurement tube, and ATP is quantified
through luminescence measurement. Because the
amount of ATP is proportional to the amount of bacteria
in the liquid sample, the original amount of bacteria can
be known. A liquid sample having a volume of 100 mL is
filtered through a filter, bacteria are concentrated on the
filter 23, and ATP is extracted using 50uL of a reagent to
achieve a 2000-fold concentration.
[0047] In a membrane filter method generally per-
formed as a microbial detection method, a liquid sample
is filtered through a membrane filter having a diameter of
47 mm and a hole diameter of 0.1 to 0.5 µm, and bacteria
are collected on the filter. In comparison with a filter
having a diameter of 47 mm, the concentration ratio
can be madeabout 60 times higher by using a filter having

a diameter of 6 mm, and thus detection can be performed
with higher sensitivity.
[0048] Here, although an example of performing mi-
crobial detection using ATP measurement has been
described, the object of detection is not limited to ATP.
The bacteria may be detected using a method for detect-
ing substances contained in bacterial cells, for example,
bacteria constitutive substances such as lipids, sugars,
proteins, and metabolites, or for detecting, by adding a
substrate, the activity of enzymes contained in the bac-
terial cells. Furthermore, although an example of per-
forming microbial detection has been described herein,
the object of detection is not limited to bacteria. It can also
be used for analytical purposes for detecting organic fine
particles or inorganic fine particles contained in pure
water, pharmaceutical products, or the like.

(Advantageous Effects of First Embodiment)

[0049] By using the filter fixing tool 30 according to the
first embodiment, it is possible to separate the part where
the airtightness is established between the filter contain-
er 20 and the elastic body 40 and the part where the filter
container 20 is fixed. Because the airtightness and the
fixing are not established by the same parts, the filter
container 20 can be easily removed by hand without
frictional resistance when removing the filter container
20. As a result, the risk of contamination of the filter 23 of
the filter container 20 during the removal operation can be
reduced. Furthermore, by simply preparing a new filter
fixing tool 30, it is possible to perform filtration by means
of a membrane filter having a small area by utilizing a
commercially available aspiration manifold and a rubber
plug.
[0050] Meanwhile, as an alternative to fixing and main-
taining the airtightness of the filter container 20, a method
for aligning the inner diameter D41 of the rubber plug 40
with hole with the outer diameter D24 of the cover 22, and
pushing the filter container 20 into the through-hole 41 of
the rubber plug 40 with hole to erect the filter container 20
may be considered. In this case, because both fixing and
airtightness are achieved by means of the outer surface
of the cover 22, it is possible to firmly fix, whereas it is
difficult to remove the filter container 20 from the rubber
plug 40. In acase where the filter container20 is small, it is
particularly difficult to remove the filter container 20 by
hand. In contrast, in the case of the filter device 1 accord-
ing to the first embodiment, fixing and airtightness are
established not by means of the outer surface of the cover
22 but, rather, by means of two horizontal surfaces (the
bottom surface 24 and upper surface 25) of the filter
container 20, and thus the filter container 20 can be easily
removed with a small force. As described above, in the
first embodiment, the filter container 20 can be easily
removed by hand, and the risk of contamination due to
dropping or touching the inside of the filter container 20
can be reduced in comparison with the conventional case
where the filter container 20 needs to be removed with a
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strong force.
[0051] The horizontal surfaces (the bottom surface 24
and the upper surface 25) of the filter container 20 signify
surfaces at an angle of 90 degrees to a vertical axis (the Z
direction in the drawing) when the filter container 20 is
made to stand upright. However, a range up to 90 ± 45
degrees with respect to the vertical axis of the horizontal
surfaces (the bottom surface 24 and upper surface 25) of
the filter container 20 is permissible as a range in which
the presser 32 is capable of applying a force in the
vertically downward direction to the filter container 20
and as a range in which the filter container 20 and the
elastic body 40 (rubber plug 40) are capable of perform-
ing a function to apply a force to each other in the vertical
direction.
[0052] The opening area of the inlet 11 of the funnel 10
is four or more times the opening area of the opening of
the filter container 20 into which the tip portion of the
funnel 10 is inserted. In the first embodiment, because
the filter container 20 can be stably fixed by the filter fixing
tool 30, the funnel 10 having a large opening area and
being unstable can be stably supported.
[0053] In addition, by making the diameter D41 of the
through-hole 41 of the rubber plug 40 smaller than the
outer diameter D24 of the bottom surface 24 of the filter
container 20, it is possible to maintain airtightness be-
tween the periphery of the inlet of the through-hole 41 and
the bottom surface 24.
[0054] Further, the filter container 20 can be more
firmly fixed by forming the threaded sections 35 and 36
on the base 31 and the presser 32, respectively, and
screwing the presser 32 into the base 31.
[0055] In addition, by providing the funnel support por-
tion 38 to the presser 32, the funnel 10 can be more stably
fixed.

Second Embodiment

[0056] FIG. 3 is a diagram showing an example of a
filter device according to a second embodiment. A con-
figuration of a filter device 2 according to the second
embodiment will be described with reference to FIG. 3.
The same constituent elements as those according to the
first embodiment are denoted by the same reference
signs, and descriptions thereof will be omitted where
appropriate.
[0057] In the first embodiment, the base 31 of the filter
fixing tool 30 is fixed to the rubber plug 40, but in the
second embodiment, a base 331 is fixed to an auxiliary
adapter 350. By fixing the base 331 to the adapter 60, it is
to be expected that the fixation of the filter container 20
and the funnel 10 is more stable than in the case of
fixation to the elastic body (rubber plug 40). However,
it is difficult to fix the base 331 to the adapter 60, which has
a tapered cup in which the diameter of the upper part into
which the rubber plug 40 is introduced is large and the
diameter of the lower part is small. Therefore, in the
second embodiment, the auxiliary adapter 350 is at-

tached to the cup of the adapter 60. Specifically, the base
331 is fixed to the auxiliary adapter 350 such that the
auxiliary adapter 350 and a base fixing portion 333 of the
base 331 are fitted to each other. A fixing screw 351 may
further strengthen the fixing of the base 331 to the aux-
iliary adapter 350. Alternatively, both the base fixing
portion 333 and the auxiliary adapter 350 may be fixed
by being threaded and screwed together.

(Advantageous Effects of Second Embodiment)

[0058] By using the base 331 according to the second
embodiment, the base 331 can be fixed to the auxiliary
adapter 350 without being fixed to the rubber plug 40
serving as the elastic body, or the adapter 60, which has a
special shape. Other advantageous effects are similar to
those of the first embodiment.

Third Embodiment

[0059] FIG. 4 is a diagram showing an example of a
filter device according to a third embodiment. A config-
uration of a filter device 3 according to the third embodi-
ment will be described with reference to FIG. 4. The same
constituent elements as those according to the first em-
bodiment are denoted by the same reference signs, and
descriptions thereof will be omitted where appropriate.
[0060] In the first embodiment, the rubber plug 40 with
hole is attached to a commercially available adapter 60;
however, in the third embodiment, a base 431 is attached
to the commercially available adapter 60.
[0061] First, an aspiration manifold 50 (see FIG. 1) for
filtration is prepared, and an adapter 60 having a cup-
shaped tip is attached to the aspiration manifold 50. The
base 431 according to the third embodiment is preferably
made of a material capable of dry heat sterilization or
high-pressure steam sterilization, such as stainless steel,
aluminum, or hard plastic. An O-ring 441 that affords
fixing and airtightness with respect to the adapter 60
and an O-ring 442 that affords airtightness with respect
to the cover 22 are attached to the base 431. The O-rings
441 and 442 are preferably made of a material that can be
subjected to dry heat sterilization or high-pressure steam
sterilization. However, because the O-rings 441 and 442
are inexpensive, a material that can be sterilized may be
supplied in a sterilized state and may be disposable.
[0062] The inner diameter D442 of the O-ring 442 is
smaller than the outer diameter D24 of the cover 22. The
inner diameter D434 of the filter housing portion 434 is
larger than the outer diameter D24 of the cover 22. Due to
this configuration, when the filter container 20 is taken in
and out of the filter housing portion 434, the filter contain-
er 20 can be easily taken in and out by hand without
frictional resistance and without force. When the filter
support portion 37 on the inner upper surface of the
presser 32 presses the filter container 20 against the
O-ring 442 in the vertically downward direction, the filter
container 20 is fixed and airtightness is maintained be-
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tween the bottom surface 24 of the cover 22 and the O-
ring 442.

(Advantageous Effects of Third Embodiment)

[0063] In the configuration of the third embodiment, the
base 431 can be directly fixed to the adapter 60 and thus
is stable. Furthermore, because the airtightness is es-
tablished by the inexpensive O-rings 441 and 442, it is
possible to make airtight parts disposable, omit the task
of cleaning the airtight parts, and simplify the operation.
Other advantageous effects are similar to those of the
first embodiment.

Fourth Embodiment

[0064] FIG. 5 is a diagram showing an example of a
filter device according to a fourth embodiment. A config-
uration of a filter device 4 according to the fourth embodi-
ment will be described with reference to FIG. 5. The same
constituent elements as those according to the first em-
bodiment are denoted by the same reference signs, and
descriptions thereof will be omitted where appropriate.
[0065] In the first to third embodiments, a commercially
available adapter 60 was used, but in the fourth embodi-
ment, an original adapter 560 is used.
[0066] First, the aspiration manifold 50 (see FIG. 1) for
filtration is prepared, and an adapter 560 according to the
fourth embodiment is attached to the aspiration manifold
50. The adapter 560 according to the fourth embodiment
is made of a hard material capable of dry heat sterilization
or high-pressure steam sterilization, such as metal or
resin, and has an O-ring 561 mounted therein. The inner
diameter D561 of the O-ring 561 is smaller than the outer
diameter D24 of the cover 22. The adapter 560 has a filter
housing portion 562, and the inner diameter D562 of the
filter housing portion 562 is larger than the outer diameter
D24 of the cover 22. When the filter container 20 is taken
in and out of the filter housing portion 562, the filter
container 20 can be easily taken in and out by hand
without frictional resistance and without exerting force.
When the filter support portion 37 on the inner upper
surface of the presser 32 presses the filter container 20
against the O-ring 561 in the vertically downward direc-
tion, the filter container 20 is fixed and airtightness is
maintained between the bottom surface 24 of the cover
22 and the O-ring 561.

(Advantageous Effects of Fourth Embodiment)

[0067] In the configuration of the fourth embodiment,
because the presser 32 is directly fixed to the adapter
560, more stable fixing is possible. Furthermore, be-
cause the airtightness is established by the inexpensive
O-ring 561, it is possible to make the airtight parts dis-
posable, omit the task of cleaning the airtight parts, and
simplify the operation. Other advantageous effects are
similar to those of the first embodiment.

[0068] Furthermore, as a variation on the configuration
of the fourth embodiment, a method for preparing the filter
container 20 in a state where the O-ring 561 is fastened to
the bottom surface of the filter container 20 is also con-
ceivable. When the filter container 20 and the O-ring 561
are fastened to each other, the task of simply replacing
the filter container 20 obviates the need for the task of
replacing the O-ring 561, and thus the operation can be
performed more easily.

Fifth Embodiment

[0069] FIG. 6 is a diagram showing an example of a
filter device according to a fifth embodiment. A config-
uration of a filter device 5 according to the fifth embodi-
ment will be described with reference to FIG. 6. The same
constituent elements as those according to the first em-
bodiment are denoted by the same reference signs, and
descriptions thereof will be omitted where appropriate.
[0070] In the fifth embodiment, an example in which
airtightness is maintained by means of an end surface
664 of a silicon tube 661 will be described.
[0071] In the fifth embodiment, the silicon tube 661 is
inserted into a tube adapter 660. The silicon tube 661 is
fixed by inserting the tube fixing component 662 between
the tube adapter 660 and the silicon tube 661. The tube
adapter 660 is stably fixed to a fixed base (not illustrated).
The tube adapter 660 has a filter housing portion 663 that
houses the filter container 20.
[0072] The outer diameter D24 of the cover 22 is larger
than the inner diameter D661 of the silicon tube 661 and
smaller than the outer diameter D662. The end surface
664 of the silicon tube 661 is smooth, and when the filter
support portion 37 on the inner upper surface of the
presser 32 presses the filter container 20 against the
end surface 664 of the silicon tube 661 in the vertically
downward direction, the filter container 20 is fixed and
airtightness is maintained between the bottom surface 24
of the cover 22 and the end surface 664 of the silicon tube
661.

(Advantageous Effects of Fifth Embodiment)

[0073] Aspiration/filtration can be performed by con-
necting the opening on the opposite side of the silicon
tube 661 to the aspiration pump 70. Alternatively, aspir-
ation/filtration can be performed by creating a negative
pressure in the silicon tube 661 by pinching the outer
surface of the silicon tube by means of a peristaltic pump.
A plurality of the silicon tubes 661 cleaned in advance
through washing or sterilization are prepared and re-
placed for each filtration, and hence filtration can always
be performed in a clean flow path, contamination of the
filter container 20 can be reduced, and the accuracy of
analysis can be improved. In addition, by using a trans-
parent or translucent flow path such as the silicon tube
661, the progress of filtration can be visually checked.
Other advantageous effects are similar to those of the
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first embodiment.
[0074] Note that the material of the silicon tube 661
may be any material having appropriate elasticity for
maintaining airtightness, and is not limited to silicon.

Sixth Embodiment

[0075] FIGS. 7 and 8 are diagrams showing an exam-
ple of a filter fixing tool according to a sixth embodiment.
FIG. 7 is a 6-surface view showing an example of the filter
fixing tool according to the sixth embodiment, and FIG. 8
is a perspective view of the filter fixing tool according to
the sixth embodiment and an I-I cross-sectional view of a
cross-section taken along the line I-I shown in FIG. 7. A
configuration of a filter fixing tool 730 according to the
sixth embodiment will be described with reference to
FIGS. 7 and 8. The same constituent elements as those
according to the first embodiment are denoted by the
same reference signs, and descriptions thereof will be
omitted where appropriate.
[0076] The filter fixing tool 730 according to the sixth
embodiment is configured from two parts. The filter fixing
tool 730 includes a base 731 and a presser 732. The base
731 is fixed to the rubber plug 40 with hole installed in the
adapter 760 connected to the aspiration manifold 50 (see
FIG. 1). The base 731 and presser 732 include taps and
are fitted to each other. A cutout 733 is formed on an outer
surface of the presser 732 to facilitate manual attachment
and removal of screws.

(Advantageous Effects of Sixth Embodiment)

[0077] With the configuration of the sixth embodiment,
advantageous effects similar to those of the first embodi-
ment can be expected. In addition, by forming the cutout
733, it is easy to manually attach and detach the presser
732.

Seventh Embodiment

[0078] FIGS. 9 and 10 are diagrams showing an ex-
ample of a filter fixing tool according to a seventh embo-
diment. FIG. 9 is a 6-surface view showing an example of
the filter fixing tool according to the seventh embodiment,
and FIG. 10 is a perspective view of the filter fixing tool
according to the seventh embodiment and an I-I cross-
sectional view of a cross-section taken along the line I-I
shown in FIG. 9. A configuration of a filter fixing tool 930
according to the seventh embodiment will be described
with reference to FIGS. 9 and 10. The same constituent
elements as those according to the first embodiment are
denoted by the same reference signs, and descriptions
thereof will be omitted where appropriate.
[0079] The filter fixing tool 930 according to the seventh
embodiment is configured from two parts. The filter fixing
tool 930 includes a base 931 and a presser 932. An
auxiliary adapter 950 is attached to the outside of an
adapter 960 connected to the aspiration manifold 50 (see

FIG. 1). A rubber plug 40 with hole is installed inside the
adapter 960. The base 931 is placed on the rubber plug
40 with hole. The inner diameter D931 of the base 931 is
0.5 to 2 mm larger than the outer diameter D950 of the
auxiliary adapter 950. Due to this configuration, the base
931 can be easily attached to and detached from the
auxiliary adapter 950, and the lateral swing of the base
931 can be prevented by setting the fitting amount be-
tween the base and the auxiliary adapter at 5 mm ormore.
[0080] The filter container 20 is housed in a filter hous-
ing portion 934 of the base 931. The presser 932 is placed
on the base 931. In this state, there is a gap between the
upper surface of the base931 and the lower surface of the
presser 932, and this gap is 0.5 mm or more. By holding
the base 931 and the presser 932 from both sides using
the clamp 970, the filter container 20 is pressed against
the rubber plug 40 with hole to form an airtight flow path.
[0081] If the clamp 970 has a shape that presses the
upper surface of the filter container 20, the filter container
20 can be fixed by the clamp 970 and the base 931
without using the presser 932.

(Advantageous Effects of Seventh Embodiment)

[0082] With the configuration of the seventh embodi-
ment, advantageous effects similar to those of the sec-
ond embodiment can be expected. Further, by using the
clamp 970, the airtightness between the presser 932 and
the base 931 can be maintained.

Eighth Embodiment

[0083] FIGS. 11 and 12 are diagrams illustrating an
example of the filter fixing tool according to the eighth
embodiment. FIG. 11 is a 6-surface view showing an
example of the filter fixing tool according to the eighth
embodiment, and FIG. 12 is a perspective view of the
filter fixing tool according to the eighth embodiment and
an I-I cross-sectional view of a cross-section taken along
the line I-I shown in FIG. 11. A configuration of a filter
fixing tool 1130 according to the eighth embodiment will
be described with reference to FIGS. 11 and 12. The
same constituent elements as those according to the first
embodiment are denoted by the same reference signs,
and descriptions thereof will be omitted where appropri-
ate.
[0084] The filter fixing tool 1130 (presser 1130) accord-
ing to the eighth embodiment is configured from one part.
A rubber plug 40 with hole is installed inside the adapter
60 connected to the aspiration manifold 50 (see FIG. 1).
The hole diameter D41 of the rubber plug 40 with hole is
0.3 mm or more larger than the outer diameter D24 of the
filter container 20. Therefore, there is no friction in atta-
ching/detaching the filter container 20 to/from the rubber
plug 40 with hole. The hole diameter D41 of the rubber
plug 40 with hole is 0.5 mm or more smaller than the outer
diameter D1226 of a protrusion 1226 formed on the outer
peripheral surface of the filter container 20. Due to this
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configuration, the protrusion 1226 is caught by the rim of
the hole of the rubber plug 40. In this state, there is a gap
between the hole of the rubber plug 40 and the outer
peripheral surface of the filter container 20, and the filter
container 20 can be inclined to the left and right. There-
fore, in a case where the funnel 10 is attached to the filter
container 20, the stability of the funnel 10 is not sufficient.
[0085] Therefore, in the eighth embodiment, the press-
er 1130 is fixed to the rubber plug 40. The presser 1130
has a fixing portion 1131 which is to be fitted into the
rubber plug 40 with hole. The presser 1130 is fixed by
fitting the fixing portion 1131 into the rubber plug 40 with
hole. At this time, because the filter fixing portions 1132
and 1133 inside the presser 1130 respectively press the
upper surface of the protrusion 1226 of the filter container
20 and the upper surface 25 of the filter container 20 in the
vertically downward direction, airtightness is maintained
between the lower surface of the protrusion 1226 and the
upper surface of the rubber plug 40 with hole.

(Advantageous Effects of Eighth Embodiment)

[0086] In the eighth embodiment, the protrusion 1226
formed on the filter container 20 can be used to maintain
airtightness between the lower surface of the protrusion
1226 and the upper surface of the rubber plug 40 with
hole. Furthermore, in the eighth embodiment, the filter
container 20 can be fixed using only the presser 1130
(without the base). Other advantageous effects are simi-
lar to those of the first embodiment.

Ninth Embodiment

[0087] FIG. 13 is a diagram showing an example of a
filter device according to a ninth embodiment. A config-
uration of a filter device 9 according to the ninth embodi-
ment will be described with reference to FIG. 13. The
same constituent elements as those according to the first
embodiment are denoted by the same reference signs,
and descriptions thereof will be omitted where appropri-
ate.
[0088] In the ninth embodiment, a filter container 1320
without a cover (for example, the cover 22 of FIG. 1) is
fixed to the rubber plug 40 with hole. The filter fixing tool
1330 (the presser 1330) according to the ninth embodi-
ment is one part, and the presser 1330 presses the upper
surface of a protrusion 1326 of the filter container 1320
vertically downward, and presses the lower surface of the
protrusion 1326 against the upper surface of the rubber
plug 40 with hole. At this time, a fixing portion 1333 of the
presser 1330 is fitted into the rubber plug 40 with hole.
Here, the upper surface and the lower surface of the
protrusion 1326 may be at an angle of up to 45° relative
to a surface perpendicular to the axis of the cylindrical
filter container 1320. The shape of the filter container
1320 is not limited to a cylindrical shape. However, it is
necessary to maintain the airtightness between the lower
surface of the protrusion 1326 and the periphery of the

opening of the rubber plug 40 by means of continuous
contact therebetween, and the lower surface of the pro-
trusion and the periphery of the opening are coupled to
the outlet of the funnel to maintain the airtightness.

(Advantageous Effects of Ninth Embodiment)

[0089] Due to this configuration, the filter container
1320 is fixed. Because the opening 1332 of the presser
1330 does not come into contact with the opening 1322 of
the filter container 1320, the risk of contamination from
the opening 1322 of the filter container 1320 can be
reduced. In addition, because the height of the opening
1332 of the presser 1330 is higher than the height of the
opening 1322 of the filter container 1320, a removal tool
does not come into contact with the opening 1322 of the
filter container 1320 when the funnel 10 is to be removed,
and hence the risk of contamination from the opening
1322 of the filter container 1320 can be reduced. Other
advantageous effects are similar to those of the first
embodiment.

Tenth embodiment

[0090] FIGS. 14 and 15 are diagrams illustrating an
example of the filter fixing tool according to a tenth
embodiment. FIG. 14 is a 6-surface view showing an
example of the filter fixing tool according to the tenth
embodiment, and FIG. 15 is a perspective view of the
filter fixing tool according to the tenth embodiment and an
I-I cross-sectional view of a cross-section taken along the
line I-I shown in FIG. 14. The configuration of the filter
fixing tool 1430 (presser 1430) according to the tenth
embodiment will be described with reference to FIGS. 14
and 15. The same constituent elements as those accord-
ing to the first embodiment are denoted by the same
reference signs, and descriptions thereof will be omitted
where appropriate.
[0091] The presser 1430 according to the tenth embo-
diment is configured from one part. An auxiliary adapter
1450 is attached to the outside of the adapter 60 con-
nected to the aspiration manifold 50 (see FIG. 1). In
addition, a rubber plug 40 with hole is installed inside
the adapter 60. Further, the hole diameter D41 of the
rubber plug 40 with hole is 0.3 mm or more larger than the
outer diameter D24 of the filter container 20. Due to this
configuration, there is no friction in attaching or detaching
the filter container 20 to and from the rubber plug 40 with
hole. Furthermore, the hole diameter D41 of the rubber
plug 40 with hole is 0.5 mm or more smaller than the outer
diameter D1526 of a protrusion 1526 formed on the outer
periphery of the filter container 20, and thus the protru-
sion 1526 enters a state of being caught on the rim of the
through-hole 41 in the rubber plug 40. In this state, there
is a gap between the through-hole 41 of the rubber plug
40 and the outer surface of the filter container 20, and the
filter container 20 can be inclined to the left and right.
Therefore, in a case where the funnel 10 is attached to the
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filter container 20, the stability of the funnel 10 is not
sufficient.
[0092] Therefore, in the tenth embodiment, the presser
1430 is fixed to the auxiliary adapter 1450. The presser
1430 is provided with a screw hole 1431, and the presser
1430 is firmly fixed using a screw (not illustrated) to the
auxiliary adapter 1450. At this time, filter fixing portions
1435 and 1436 inside the presser 1430 respectively push
the upper surface of the protrusion 1526 of the filter
container 20 and the upper surface of the inlet of the
filter container 20 in the vertically downward direction and
maintain airtightness between the lower surface of the
protrusion 1526 and the upper surface of the rubber plug
40 with hole.

(Advantageous Effects of Tenth Embodiment)

[0093] With the configuration of the tenth embodiment,
the filter container 20 is fixed by a one-touch operation,
and the filter container 20 is easily attached and de-
tached. In addition, because the presser 1430 can be
fixed using a screw to the auxiliary adapter 1450, the filter
container 20 can be fixed more stably. Other advanta-
geous effects are similar to those of the first embodiment.

(Method for Performing Filtration (Filtering Method)
Using Filter Fixing Tool according to Ninth and Tenth
embodiments)

[0094] In the ninth and tenth embodiments, because
no base is used, the filtration procedure is as shown in
FIG. 16. The same constituent elements as those of the
first embodiment are denoted by the same reference
signs, and descriptions thereof will be omitted as appro-
priate.
[0095] That is, after the rubber plug 40 with hole has
been installed in the aspiration manifold 50 (S1601),
cause the filter container 20 to stand upright by inserting
the filter container 20 into the through-hole 41 of the
rubber plug 40 (S1602). A presser 1330 or 1440 is then
attached to fix the filter container 20 (S1603).
[0096] Note that the present disclosure is not limited to
the above-described embodiments and includes various
modifications thereof. For example, the above-described
embodiments have been described in detail to facilitate
understanding of the present disclosure, and are not
necessarily limited to or by embodiments having all the
configurations described. In addition, part of the config-
uration of one embodiment can be replaced with the
configuration of another embodiment, and the configura-
tion of the other embodiment can also be added to the
configuration of the one embodiment. Moreover, it is
possible to add other configurations to part of the con-
figurations of the embodiments, and to eliminate or sub-
stitute parts of the configurations of the embodiments.
[0097] For example, in the above-described embodi-
ments, an example in which the aspiration pump 70 is
driven toperform aspiration/filtration has been described,

but the present disclosure is not limited to aspiration/fil-
tration using the aspiration pump 70, rather, filtration may
be performed by pressurizing a liquid sample, or filtration
may be performed under the weight of the liquid sample
itself.

Reference Signs List

[0098]

1, 2, 3, 4, 5, 9 filter device
10 funnel
20 filter container
21 filter body portion
22 cover
23 filter
24 bottom surface
25 upper surface
30, 730, 930, 1130, 1330, 1430 filter fixing tool
31, 331, 431, 731, 931 base
32, 732, 932 presser
33 base fixing portion
34, 434, 934 filter housing portion
35 male threaded section
36 female threaded section
37 filter support portion
38 funnel support portion
40 rubber plug with hole
41 through-hole
42 upper surface
50 aspiration manifold
60, 560, 760, 960 adapter
350, 950, 1450 auxiliary adapter
70 aspiration pump
351 fixing screw
441, 442, 561 o-ring
562 filter housing portion
660 tube adapter
661 silicon tube
662 tube fixing component
663 filter housing portion
664 end surface
733 cutout
970 clamp
1126, 1526 protrusion
1131 fixing portion
1132, 1133, 1435, 1436 filter fixing portion
1332 opening
1333 fixing portion
1431 screw hole

Claims

1. A filter device for filtering a sample, the filter device
comprising:

a funnel having an inlet through which the sam-
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ple is introduced and an outlet having an open-
ing area smaller than an opening area of the
inlet;
a cylindrical filter container having an inlet, to
which a tip portion which includes the outlet of
the funnel is coupled, and an outlet, and having,
between the inlet and the outlet, a filter that
collects an object contained in the sample;
an elastic body that has a through-hole serving
as a flow path for the sample that has passed
through the filter, an inlet periphery of the
through-hole being in contact with the filter con-
tainer; and
a filter fixing tool that abuts on the filter container
to support the filter container and that presses
the filter container against the elastic body,
wherein the filter fixing tool presses the filter
container against the elastic body to hermeti-
cally seal the inlet periphery of the through-hole
in the elastic body by means of a contact surface
of the filter container which corresponds to the
inlet periphery.

2. The filter device according to claim 1, wherein an
opening area of the inlet of the funnel is four or more
times larger than whichever area is the smaller of an
opening area of an opening of the filter container into
which the tip portion of the funnel is inserted, and an
effective area of the filter.

3. The filter device according to claim 1, wherein the
contact surface of the filter container is a surface at
an angle of 90° ± 45° or less to a direction in which
the filter container is to be pressed against the elastic
body.

4. The filter device according to claim 1, wherein the
diameter of the inlet periphery of the through-hole in
the elastic body is smaller than an outer diameter of
the contact surface of the filter container.

5. The filter device according to claim 1,
wherein the filter fixing tool includes:

a presser that abuts on the filter container to
support the filter container and that presses the
filter container against the elastic body; and
a cover that fixes the presser.

6. The filter device according to claim 5,

wherein an inner peripheral surface or an outer
peripheral surface of the presser is subjected to
thread machining, and a surface of the cover
facing the inner peripheral surface or the outer
peripheral surface subjected to the thread ma-
chining is subjected to thread machining, and
by screwing the presser into the cover, the filter

container is fixed in a state of being pressed
against the elastic body.

7. The filter device according to claim 1, wherein the
distance by which the filter container is pressed
against the elastic body by the filter fixing tool is 2
mm or less.

8. The filter device according to claim 1, wherein the
filter fixing tool includes a funnel support portion that
supports the funnel.

9. A filter fixing tool that fixes a cylindrical filter container
provided with a filter for filtering a sample to an elastic
body that is disposed on a downstream side of the
filter container and that has a through-hole serving
as a flow path of the sample that has passed through
the filter, an inlet periphery of the through-hole being
in contact with the filter container, the filter fixing tool
comprising:

a filter housing portion that houses at least part
of the filter container; and
a filter support portion that abuts on the filter
container housed in the filter housing portion to
support the filter container and that presses the
filter container against the elastic body,
wherein the filter support portion presses the
filter container against the elastic body to her-
metically seal the inlet periphery of the through-
hole in the elastic body by means of a contact
surface of the filter container which corresponds
to the inlet periphery.

10. The filter fixing tool according to claim 9, wherein the
contact surface of the filter container is a surface at
an angle of 90° ± 45° or less to a direction in which
the filter container is to be pressed against the elastic
body.

11. The filter fixing tool according to claim 9, including:

a presser having the filter support portion; and
a cover for fixing the presser.

12. The filter fixing tool according to claim 11,

wherein an inner peripheral surface or an outer
peripheral surface of the presser is subjected to
thread machining, and a surface of the cover
facing the inner peripheral surface or the outer
peripheral surface subjected to the thread ma-
chining is subjected to thread machining, and
by screwing the presser into the cover, the filter
container is fixed in a state of being pressed
against the elastic body.

13. The filter fixing tool according to claim 9, wherein the
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distance by which the filter container is pressed
against the elastic body by the filter support portion
is 2 mm or less.

14. The filter fixing tool according to claim 9, further
including a funnel support portion that supports the
funnel attached to the filter container.

15. A filtering method, comprising:

preparing a cylindrical filter container having a
filter that collects an object contained in a sam-
ple, an elastic body having a through-hole ser-
ving as a flow path of the sample, an inlet per-
iphery of the through-hole being in contact with
the filter container, and a filter fixing tool for fixing
the filter container;
causing the filter fixing tool to abut on the filter
container to support the filter container;
pressing the supported filter container against
the elastic body to hermetically seal the inlet
periphery of the through-hole in the elastic body
by means of a contact surface of the filter con-
tainer which corresponds to the inlet periphery;
and
introducing the sample into the filter container
and collecting the object by means of the filter.
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